Materials
Purified HiPco SWCNTs (grade: pure; lot number P0261, TGA residue 13.3 wt) were purchased from Unidym Inc. (Sunnyvale, CA) . SWCNTs were used without further treatment. THF was purchased from Sigma Aldrich Co. (Germany) and extensively purified to remove all oxygen and water, which is absolutely necessary for the investigation of the reactive carbon nanotubide intermediates. Therefore, THF was distilled three times in an argon inert gas atmosphere: 1. over CaH 2 , 2. over sodium and 3. over sodium-potassium alloy. Afterwards, the remaining traces of oxygen were removed by pump freeze technique (3 iterative steps). The resulting absolute THF was used for the generation of the carbon nanotubide dispersions. Sodium dodecylbenzenesulfonate (SDBS) was also purchased from Sigma Aldrich Co. and used without further purification.
Equipment and Characterization
Glove Box: Sample preparation was carried out in an argon filled Labmaster sp glove box (MBraun), equipped with a gas purifier and solvent vapor removal unit: oxygen content < 0.1 ppm, water content < 0.1 ppm.
Raman Spectroscopy: Raman spectroscopic characterization was carried out on a HoribaLabRAM Aramis confocal Raman microscope (λ exc : 633 nm) with a laser spot size of about 1 µm (Olympus LMPlanFl 100x, NA 0.80). The incident laser power (114 µW) was kept as low as possible to avoid structural sample damage. Spectra were obtained by a CCD array at -70°C and a 600 grooves/mm grating from a 50 µm x 50 µm area with 2 µm step size in SWIFT mode for low integration times. Sample movement was carried out by an automated XY-scanning table.
Absorption Spectrsocopy: UV-Vis (400-900 nm) and nIR absorption (900-1400 nm) spectra were recorded on a Perkin-Elmer Lambda 1050 in transmission with 1 cm path length in quartz glass suprasil cuvettes (Hellma) equipped with screw caps to ensure inert gas measurement conditions. Fluorescence Spectroscopy: The SWCNT nIR emission from the redispersed samples was recorded with a Nanospectralyzer NS1 from Applied Nanofluorescence with a laser excitation of 660 nm. Integration times were 500 ms, and 50 spectra were averaged.
Preparation of Carbon Nanotubides
For the reductive sample charging with varying potassium/carbon ratios (1/50, 1/100, and 1/250), HiPco SWCNTs and the respective amount of potassium given in the table below were used.
K/C ratios SWCNTs
Potassium 1/50 60.0 mg (5 mmol) 3.910 mg (0.10 mmol) 1/100 60.0 mg (5 mmol) 1.955 mg (0.05 mmol) 1/250 60.0 mg (5 mmol) 0.782 mg (0.02 mmol) Table S1 : K/C ratios of the used samples in the weighed-in masses of the SWCNT mixture and potassium during preparation, respectively.
Redispersion of Re-Oxidized Carbon Nanotubides
After Raman characterization, the respective buckypaper was kept under ambient conditions (moisture, oxygen) for one week to allow the negatively charged carbon nanotubide to re-oxidize. Afterwards, 0.2 mg of the sample and, as a reference, the pristine material were redispersed in 2 mL of an aqueous sodium dodecylbenzenesulfonate solution (2 wt%) by sonication for 20 minutes in a bath type sonicator (Branson 2510, 100 W, 42 kHz).
Statistical Raman Results
Figure S1: Statistical Raman spectroscopic analysis of Raman spectra recorded at λ exc = 633 nm. Plot of intensity ratios of the RBM resonances in the metallic and semiconducting region: M 1 /S 1 (top), M 1 /S 2 (middle), and M 2 /S 2 (bottom). Pristine starting material (grey); K/C ratios: 1/50 (blue), 1/100 (green), and 1/250 (red).
Figure S2:
Statistical Raman spectroscopic analysis -λ exc = 633 nm. Selectivity enrichment based on an I (G'/G) analysis. Pristine starting material (grey); K/C ratios: 1/50 (blue), 1/100 (green), and 1/250 (red).
Note: As previously shown in the work of Shaffer et al., S1 carbonaceous impurities are likely to be dissolved preferentially at low metal to carbon ratios. These dissolved impurities, with particle sizes smaller than the pore size of the filter (0.2 μm), will not remain on the filter paper for subsequent Raman measurements and thus do not contribute in determining I (D/G) ratios. For that reason a sample purification after filtration of the dispersed carbon nanotubides is expressed by a slightly lower I (D/G) ratio in comparison to the pristine starting material.
[S1] Siân Fogden, Christopher A. Howard, Richard K. Heenan, Neal T. Skipper, Milo S. P. Shaffer, ACS Nano 2012, 6, 54-62. Figure S3 : Raman median spectra recorded at λ exc = 633 nm with the RBM region (left) and the D and G band region (right). Pristine starting material (grey); K/C ratios: 1/50 (blue), 1/100 (green), and 1/250 (red).
Figure S4:
Statistical Raman spectroscopic analysis of Raman spectra recorded at λ exc = 633 nm. Top: Raman mean spectra with the RBM region (left) and the D and G band region (right). Bottom: Corresponding histograms of intensity ratios I (M2/S1) (left) and I (D/G) (right). The spectra compare the pristine spectra (black spectra and gray histograms) with spectra and histograms obtained for the reduced material for potassium coverages corresponding to K/C ratios of 1/250 in the THF supernatant (red spectra and histograms) and the corresponding precipitate (red dotted spectra and red filled histograms).
Note: In case of highly inhomogeneous samples showing a multi-Gaussian distribution, the mean spectra cannot be directly correlated to the corresponding histograms, due to the different loadings of the single Gaussian curves. In such cases the corresponding median spectra would give a more exact representation of the samples composition -for further information please see ref. S2. Since the extraction of such median spectra would only give spectra with high signal-to-noise ratios due to the experimental difficulties of the inert measurements, we decided to depict the respective mean spectra and, in addition, the statistical histograms, which give information of the exact sample composition.
[S2] F. Hof, S. Bosch, J. M. Englert, F. Hauke, A. Hirsch, Angew. Chem. Int. Ed. 2012, 51, 11727-11730. Figure S5 : Picture of the dispersed samples in THF under argon. Figure S6 : Recorded fluorescence spectra with λ exc = 660 nm. Pristine starting material (black); reduced material with K/C 1/100 (green) and 1/250 (red) after oxidation and redispersion in a SDBS solution.
Dispersion Stability

Emission Spectroscopic Analysis
Note: The emission intensity of the redispersed nanotubes is less pronounced in comparison to the emission intensity of semiconducting tubes in the pristine starting material -samples have been dispersed in aqueous SDS solutions. This observation corroborates the finding of an enrichment of metallic SWCNT chiralities in the supernatent THF solution on the basis of an initial charge selective charging step. It has to be kept in mind that a discussion of the fluorescence of redispersed SWCNTs is not straight forward as the reoxidation of the charged material inevitably leads to covalent functionalization to some extent. Therefore, a decrease of fluorescence intensity can partially be traced back to this functionalization step. Figure S7 : Geometries of the most stable exohedral (a and c) and endohedral (b and d) adsorption sites. Carbon and potassium atoms are depicted as black and magenta spheres, respectively.
Potassium Adsorption Geometries
In the case of exohedral adsorption, the potassium atom is located above the center of one carbon hexagon with almost identical C-K adsorption distances to all six carbon atoms of 3.0 Å. In the case of endohedral adsorption, the potassium atom is located over one carbon-carbon bond, with two carbon neighbors in an adsorption distance of 3.0 Å. The other carbon atoms of the same hexagon are located at slightly larger distances of 3.1-3.5 Å. However, the carbon atoms of the second carbon hexagon containing the respective carbon-carbon bond are also located within the range of 3.1-3.5 Å. This results from the curvature within the tube and maximizes the overall potassium-tube interactions. This is also the reason why the endohedral structure is, for the isolated tubes, more stable than the most stable exohedral adsorption site, with adsorption energies of -0.47 and -0.73 eV for (8,4) and (9,3) tube, respectively. Figure S8 : Exemplary structures of the computed bundles in hcp (left) and rectangular (right) arrangement. Carbon atoms are represented by black spheres, the unit cell is drawn blue.
SWCNT Bundle Models
Exohedral and Endohedral Adsoprtion of Potassium on SWCNTs
Tab. S2 shows adsorption energies for one potassium per unit cell on tubes being either isolated or arranged in bundles (in rectangular and hexagonal closed packed (hcp) arrangements, respectively, see Fig. S8 ). For isolated tubes, endohedral adsorption is energetically favored compared to exohedral adsorption both for semiconducting and for metallic tubes. This, however, changes considerably in the rectangular bundles. Here, exohedral adsorption is favorable for SWCNTs of either electronic type. This can be explained by the interaction of an exohedral potassium atom with several tubes in these structures. The reduction of the endohedral adsorption energy of potassium in rectangular bundles compared with isolated tubes is not that straightforwardly to explain. In any case, exohedral adsorption is favored over endohedral adsorption in structures like the rectangular bundles, where the respective potassium atom can interact with multiple tubes. Therefore, we concentrate on exohedral adsorption, since the SWCNTs are likely to be arranged in unordered bundles in the experiments we are trying to model. Table S2 : Adsorption energies for one potassium adsorbed exohedral and endohedral on the sc-(8,4) and the m-(9,3) SWCNT. Tubes are arranged isolated, as a rectangular bundle, or as a hcp bundle, respectively (see Fig. S8 ).
In Tab. S2, we also consider the case of SWCNTs arranged in highly ordered, densely packed hcp bundles. In such structures, the tube-tube interactions are maximized and the introduction of an exohedral adsorbate counteracts these interactions due to its steric demand. This leads to a preference of endohedral over exohedral potassium adsorption. However, these highly ordered bundles are a rather unrealistic model as they would require (at least) domains that contain only a single specific tube. Thus, less regular packing can be expected in experimental potassium/SWCNT melts, e.g., arrangements that are better described by the rectangular bundles considered above.
